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Optical and Chromatic Design

● Linear Model of RHIC
● Example transfer function
● Store optics for 250GeV protons in run-9
● Chromatic Correction
● Building the ramp
● Additional tools for ramps
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Linear Model of RHIC

● Set the Power-supply/Shunt 
currents to get desired optics
● Use an Optimizer to find the 

currents

● Desired optics functions are the 
constraints

● Changing optics with beam 
(squeeze)
● Requires smooth changes to 

the currents

● Weakest point: Magnet 
transfer functions

Power-supply/Shunt Currents

Wire Up

Quadrupole Currents

Transfer Functions

Quadrupole Strengths

Optical Analysis (MAD)

Dispersion/Beta Functions
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QRG101 Transfer Function

QRG101: an early 
magnet

Polynomial fit to 
measured transfer 
functions

Data points less 
certain at low 
current

Use ORM for 
beam-based 
updates to the 
transfer function 
table?
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QRG101 Transfer Function

The FieldFits.Au101 was 
generated by dbFits.tcl

Developing a 
fieldFitsDiff code 
to compare two 
FieldFits files 
(modeled after 
pscompare)

Difference 
between the 
FieldFits.Au104 
and 
FieldFits.Au101

Factors found on measured transfer function:
Main quads, trim quads: 0.9974
Triplet quads:     1.0028
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QRJ117 (bi5-qf3)
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The Q3 triplet 
magnet at IP6

Large β 
functions make 
the IP6 and IP8 
triplets more 
sensitive than 
other magnets

Improving the 
transfer 
function may 
help dynamic 
aperture
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250GeV Proton Optics
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Squeeze: Run-9 250GeV Protons

Must have smooth current changes during 
squeeze

Some power supplies hit their limits

17 independent power supplies per IR and 2 
independent arc power supplies. (less than this 
when anti-symmetric optics is imposed)

16 per IR + 2 constraints:
6 at IP per IR
6 to match to arcs per IR
4 β

max
 constraints per IR

2 for the machine tune

Result from Optimization + Smoothing

Convert this to the β* table file that will be used 
by the Ramping system
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Chromatic Correction

Run-9 Next Run (Blue)?
Phase 
advance from 
IP6 to IP8

F. Pilat: Odd 
multiple of π/2 
for chromatic 
cancellation

Will this 
improve radial 
aperture?

Tracking (after 
some further 
fitting)

Electron lens 
requirements?
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Chromatic Correction

Yellow ring much further from ideal.

Will require extra work to achieve.
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Building the Ramp

● Start with a close existing ramp
● Create a new dbconfig directory if necessary

– Updated optics database
– Updated β* table
– Changes to active devices: helix magnets, etc

● Modify the injection Bρ and store Bρ if 
necessary
● Ensure the ramp rate isn't too large
● May need to change the stones if the ramp length 

changes (and/or the flattop has changed)
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Building the Ramp, cont

Note, the stepstone list is also 
updated, since, the Bρ per 
stepstone may have changed.

RampEditor and OptiCalc 
don't update when the 
stepstone list is changed.
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Building the Ramp, cont

● Set up the design β* for each IR
● Set the model of how the β*s change along the ramp
● Set the IR quad strengths to reproduce the design 

using the β* table in dbconfig

● OptiCalc may need to be restarted after this, 
since, it gets confused when stone values 
become interpolated (unanchored)
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Building the Ramp, cont
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Building the Ramp, cont

● Set up the design tunes and chromaticities
● Include a shift to chromaticity if going through 

transition
● Set each stone to their design tunes/chroms

– May need to hand tweak some stones if the Model fails
● Apply smoothing: repeat till this converges

● If needed, setup γ
T
 crossing

● Some stones may be need to be shifted

● Separated γ
T
s will need special attention
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Build the Ramp, cont
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Build the Ramp, cont

Finally, check for current 
and/or rate limits

To fix rate limits, first try 
smoothing. If they are still 
exceeded, may have to 
increase the length of the 
ramp.

To fix current limits, tweak 
the design values. If the 
tweaks are small enough, 
the optics changes will be 
unnoticeable

If fixes are needed, you may 
have to reiterate previous 
steps
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Setting crossing Angles

Changes the design values 
for the DX and D0 magnets

Any previous settings to the 
trims will be lost

RampEditor updates the 
changes to the interpolated 
values but OptiCalc 
responds with no changes
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Stone Editor

Provides:
adding
moving
renaming
removing

stones in a ramp

When a stone is removed, the 
original stepstone file remains

If a stepstone is added with 
the same name as an existing 
file, it uses that file instead of 
creating a new and empty file.

Neither RampEditor or 
OptiCalc updates when the 
stones are changed
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Ramp Lists and Info
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